Abstract. This paper summarises the general strategy for time evolving finite elastoplasticity and outlines encountered computational challenges in form of numerical benchmarks. Each time-step of some natural implicit time-discretisation is eventually recast into a possibly non-convex minimisation problem. Finite plasticity seems to imply the lack of lower semicontinuity of the energy functional and so leads to enforced fine strain oscillations called microstructures with required generalised solution concepts. The adaptive spacial discretisation is possible for convexified formulations from the relaxation finite element method (RFEM). For single-slip finite plasticity, one requires to relax numerically with laminates or semiconvexity notions.
Introduction
The outcome of RFEM is the macroscopic behaviour of the highly nonlinear microscopic material also called effective behaviour and models the macroscopic energy and the macroscopic stress fields. The numerical simulation is equally important and difficult in many situations and the model example of our choice is the single-slip model. The numerical relaxation is performed via successive layers of fine microstructures and leads to approximations of the quasiconvex hull.
The numerical simulation of elastoplastic evolutions experiences severe difficulty in the interplay of adaptive timespace discretisation and numerical relaxation. The overall algorithm is depicted in the subsequent box. 
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The construction of effective algorithms and the erroranalysis in space as well as in time is even more challenging due to the unknown relaxation error. Since the numerical relaxation is in the deepest loop, time consumption is also a crucial factor.
The remainder of this paper is organised as follows. Section 2 recalls the generalised rate independent material and the notion of quasiconvexity. Its failure leads to nonexistence of solutions and the observation of microstructures in finite plasticity. Section 3 introduces the single-slip elastoplasticity without a closed form relaxation and so motivates the necessity of numerical relaxation. Section 4 is devoted to the introduction of the relaxation finite element Method (RFEM) and outlines the benchmark of computational microstructures [9] with closed form relaxation. Section 5 outlines adaptive mesh-refining algorithms. In Section 6 we list numerical relaxation schemes and shortly discuss their advantages and shortcomings. The hysteresis benchmark of Section 7 outlines the incremental problem with closed form condensed relaxation and spatial error control but without accumulated time discretisation errors.
Rate-Independent Materials

Standard Generalised Materials
Let ϕ(·, t) represent the deformation of a material body B from a reference configuration 0 ⊂ R n to the current configuration ϕ( 0 , t) = t and let z(·, t) : 0 → R m denote internal variable like hardening or softening at the time t. Given the free Helmholtz energy W (F, z) and the dissipation potential (z,ż), in terms of the deformation gradient F and the internal variable z plus its rateż, we consider the outer energy L from applied forces and define [16, 21] Gibb's energy
The dissipation distance is then the amount of energy which must at least be dissipated in a smooth transition from state z 0 to state z 1 .
Continuous Formulation
The unknown deformation ϕ : 0 ×R + → R n and internal variable z : 0 ×R + → R m satisfy the following set of inequalities for all 0 ≤ t ≤ T and 0 ≤ t 1 ≤ t 2 ≤ T [21] 42
